In nonsterile food products, including those preserved by freezing, the possible survival of those bacteria frequently implicated in food-borne illness has important public health implications. Borgstrom (1955) in a review of the research in the area of the microbiology of frozen foods stated that additional studies could profitably be undertaken to elucidate more clearly the relationships which may exist between bacterial survival and the substrate on which the organism exists. Recently, the concept of the unique nature and requirements of the bacterial cell which has beeni frozen was forwarded by Bretz and Hartsell (1959 In the experimental plan which was followed, six trials were completed for each organism tested. Each trial conisisted of all six suspending media, which were thus inoculated from a single bacterial culture. The medium and the inioculum were combined by mixing for 30 sec with a power blender. After placing 10 ml of the inoculated medium in the tube, it was capped and held in an ice bath until the set had been completed. At this time, two tubes were withdrawn for a 0 hr count and the remaining divided into three lots for freezing at -11, -21, and -30 C, respectively. A statistical analysis of a preliminary series had indicated that there was no significanit difference between counts from duplicate tubes. Therefore, the data represent an average of two tubes for each of six trials.
The plating media used for recovery of viable cells Nere tryptone glucose yeast extract agar (Difco) for S. typhimurium and S. aureuts and tryptose agar (Difco) for S. faecalis. Colonv counts were made after incubation for 24 hr at 37 C for the first two organiisms and 48 hr at 37 C for the third.
Statistical analyses. AIn analysis of variance (Snedecor, 1956 ) was performed on the data for each of the three organisms. Comparisons between media were made by Duncan's multiple range test (Duncan, 1955) .
The emphasis in these studies was placed on the relationship of the suspending medium to the number of viable microorganisms subsequent to the combined procedures of freezing, frozen storage, and thawing. The results of the experiments conducted at a storage temperature of -21 C for the three organisms are shown in tables 2, 3, an-id 4. Figure 1 
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I the egg white was not significantly different from the buffer. At -11 C and after 10 weeks, the number of viable cells recovered from all media tested was small. For the third organism used in the series, S. faecalis, rice flour and corn sirup media gave counts significantly higher than the four other media over all time periods and at each temperature. Egg white permitted fewer cells to survive than did these two media but yielded significantly higher counts than did the buffer alone.
The sodium alginate medium appeared to produce the most variable effect upon the maintenance of bacterial cells of the different genera which were submitted to freezing, frozen storage, and thawing. Counts significantly higher than for buffer alone were observed only in those samples held at -30 C for S. faecalis and -21 and -30 C for S. typhimurium. F'or the latter organism, counts from the sodium alginate were not significantly different from those in the corn sirup. For both genera at these temperatures, egg white and rice flour media and, for S. faecalis, corn sirup gave significantly higher recovery than did the sodium alginate. In the three trials conducted for S. aureus in the sodium alginate medium, no viable cells were recovered at the end of the first test storage period (24 hr) although 0 hr counts were in the average range.
For each of the three genera, the interaction between medium and temperature was highly significant (1 per cent level). With the possible exception discussed below, there was progressively less destruction of the cells as the temperature of frozen storage decreased (figure 1). These results are in general agreement with those previously reported in the literature (Borgstrom, 1955 (24 hr) . This medium appeared to be less destructive for S. faecalis than for the other two organisms, however. For this organism, the highest count of viable cells was found in the lots held at -11 C rather than at the lower temperatures. At -11 C only, saline was comparable to the egg white medium and not significantly different from buffer in its ability to maintain all counts. After 10 weeks, even for S. faecalis, few cells were recovered at any temperature.
The analysis of variance carried out on the data for each genera indicated that for all three the effect of suspending medium was highly significant as were storage temperature and storage time. There were also highly significant interactions between medium and time, medium and temperature, time and temperature, and medium, time, and temperature for S. aureus and S. faecalis. The only significant interaction for S. typhimurium was between medium and temperature; all other interactions tested were not significant at the 5 per cent level. Considering the data as a whole, the coefficient of variability (CV) in each series was 22.0 per cent for S. aureus, 32.0 per cent for S. typhimurium, and 20.4 per cent for S. faecalis.
It is obvious that the problem of bacterial cells surviving in a given frozen food is related to its composition. The results obtained in this study indicate that more than one type of substance gave protection from the lethal effects of freezing to bacterial cells which are potentially of the food poisoning type. The explanation for the mechanism of the effect of eveii single components, as attempted here, offers difficulties. In each case, the results attained represent the effect of a miultiple set of actions on the bacterial cells and the precise interpretationis of the data are thus limited.
Further limitations are imposed by consideration of such factors as that of the lysozyme present in egg white. Also, the diluent used may have had an adverse effect on recovery as indicated by the data of Bretz and Hartsell (1959) . As only a single strain of each of the species was utilized in the testing, the data may not be representative.
One factor which would appear not to have influenced the findings was the freezing points of the media as these did not vary greatly (table 1) . The rates of freezing and cooling also appeared to be very similar at any one temperature for all of the media although the equipment available established limits of precision in measurement. The freezing temperature was reached uniformly by all of the media in 9 min at -11 C, 7 at -21 C, and 5 at -30 C. At -11 C, an average of 130 min was required for the temperature of the solutions or suspensions to reach -10 C; at -21 C, 66 min; and at -30 C, 46 min. The thickest medium (table 1), 4 per cent sodium alginate, appeared to warm the most slowly during the thawing period, reaching an average temperature of 4 C at the end of 3 min as compared to 14 C for buffer alone.
Certain properties of the substrates which offered protection to the suspended cells are suggested as meriting further investigation. The presence of sugars, as in certain of the substrates in this series, might function in stabilizing the osmotic pressure on the cell in the cycle of freezing, frozen storage, and thawing. Its apparent role in the last step has led to the recent recommendation of a sucrose-containing diluent for frozen bacterial suspensions (Bretz and Hartsell, 1959) . Sugar was one of the substances shown by McFarlane (1940) to change the character of the frozen mass. As with other solutes added to pure water, it tended to concentrate in certain areas of the ice mass but also increased the uniformity of dispersion of suspended materials.
The protective effect of colloids has been much discussed and investigated although few conclusions that explain this action have been possible. Of the substrates in this study, sodium alginate, rice flour, and egg white were colloidal in nature. Meryman (1956) has suggested that one mechanism of action may be the alteration of freezing patterns and the decreased rate of recrystallization in their presence. The difference in the behavior of water, whether present in the bound or free state, may be a related factor in the results observed in the use of colloidal substances. The potential advantage of a salt buffering or adsorbing action must also be considered.
The death of the bacterial cells may occur during the initial freezing, frozen storage, or thawing. As these phases could not be identified separately in the 0 to 24 hr comparison, it should not be assumed that the most rapid decrease in numbers of viable cells occurred with the initial freezing. The importance of the thawing period has been stressed in recent work reported by Bretz and Hartzell (1959) . The contrasts in the slopes of the curves, however, if considered from the 24-hr period to the 10-week might indicate that at least part of the effect of frozen storage does depend upon the substrate.
Although an explanation of the protective effect of certain food ingredients on the bacterial cells during frozen storage and thawing cannot yet be given, it would appear from the data that there is a liklihood of substances being present in foods that would afford a high degree of protection from freezing damage to the bacterial cells of those species that are grouped as causes of food-borne illnesses.
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